Objective: To determine the use of Paediatric Early Warning Systems (PEWS) and Rapid Response Teams (RRTs) in paediatric units in Great Britain.
BACKGROUND
Paediatric Early Warning Systems (PEWS) have been established for use in acutely unwell children in order to identify the physiological and behavioural signs of deterioration prior to collapse [1] . These include ward-based systems in both district general and tertiary hospitals and also those used in emergency and urgent care departments [2, 3, 4] . The umbrella term "Early Warning Systems" is used to describe the implementation of pre-defined alert criteria within observations charts which trigger additional nursing or medical involvement either from the assigned clinical team or from a critical care outreach service [5] . A variety of systems exist with a general trend for an observation chart layout with at least heart rate, respiratory rate, temperature and saturations being part of a key data set [2, 3, 4, 5] . The evidence supporting the use of such systems is not entirely clear and, although intuitively beneficial, systematic reviews have not demonstrated this [6, 7] . A variety of reasons may contribute to this finding which includes poor sensitivity and specificity of the tool, poor completion of observations charts and inadequate educational implementation [8] .
In 2005, 21 .5% of NHS trusts in the UK that care for children used a PEWS [11] . Eight of the 31 PEWS in use were a variation of two previously published tools, the Bristol [12] and Brighton [13] models.
The PEWS in use were extremely variable, 36 different parameters were used in various combinations. No parameters were used in all of the PEWS, the most common used parameter (respiratory rate) was utilised in just over half of the PEWS.
Recently in the UK a number of major case reviews of childhood deaths have cited either the absence of proper assessment or a failure to act on warning signs from an assessment as contributing factors. In response to these deficiencies Confidential Enquiry into Maternal and Child Health (CEMACH) [9] recommend that PEWS are utilised in environments which care for children.
The Children and Young People's Health Outcomes Forum [10] recommended the same, and highlighted further research is required to establish PEWS' role in keeping children safe.
In order to determine whether the use of PEWS has altered, potentially in response to these reports, a survey of hospitals with paediatric in-patients was undertaken. For the purpose of the survey, PEWS were defined as a system where patients are given a value based on objective or subjective criteria and Rapid Response Teams [RRT] were defined as individuals with enhanced critical care skills (nursing, medical or physiotherapy background) who are available in addition to the usual nursing and medical team. introduced PEWS stated that their PEWS was based on a previously published system ( Table 2 ). The identified systems were Brighton (9), Institute Of Innovation and Improvement (6), Bristol/Plymouth (4), Yorkshire (4), Toronto (1), Melbourne (1) and Cardiff (1).
METHODS

An
Respiratory rate and Heart rate were the two most common criterion used in the PEWS systems with over 50% of respondents using these and oxygen saturations, abnormal consciousness and effort of breathing. 47 criterion were mentioned, 36 of these from the original 2005 survey and a further 11 additional ones. Capillary refill time, not utilised by hospitals in the 2005 survey, was used in six locations but no other additional criteria was used in more than two. No randomised control trials of the effectiveness of PEWS and RRT, used either alone or in combination, have been published and results from before and after studies are inconsistent [6] . All of the before and after studies investigated the use of PEWS and RRT in combination [15, 16, 17, 18] ..
In our survey only a quarter of the units surveyed had an RRT in place, with a large difference between DGHs where only 10% of units had an RRT compared to 52% of tertiary centres. A potential explanation for the difference is that DGHs do not have additional or highly specialist staff available to make up an RRT. Where an RRT was in place in a DGH the majority of team members appeared to be staff that would have already been providing the care for the children. Although fewer DGHs had an RRT they tended to have more senior paediatricians in the team, 46% of RRTs in tertiary hospitals included a general or paediatric intensive care consultant compared to 73% in DGHs. The response to PEWS in DGHs is therefore normally provided by the staff whose concerns led to the introduction of PEWS and RRT in the first place.
The range of systems and criteria (Table 4 ) used in these systems is now even greater than in the 2005 survey. Respiratory and heart rate have increased from around 50% of use in the original survey to nearly 90% in our current review, with oxygen saturations, abnormal consciousness and respiratory effort also all increasing in use. Data supporting the use of these exists in systematic reviews [19] but not specifically for early warning score use. The increase may reflect increasing research in serious illness recognition or anecdotal believes corroborated by increasing PEWS use.
However the 47 criteria are an eclectic mix of physiological measurements, clinical examination findings, laboratory investigations, diagnoses and outcomes. Given ongoing concerns with the ability of health care professionals to recognise seriously ill children and media reports regarding the concerns of parents being unheeded it is perhaps surprising that only one system used parental concern. However this may reflect the lack of specific evidence on this particular parameter.
The survey has a number of potential limitations. We were unable to identify a definitive list of all hospitals which provide in patient paediatric care in Great Britain. It is possible that we failed to identify some units, however any omissions are likely to be small and are unlikely to affect our overall conclusions. The low response rate to the initial electronic survey necessitated the telephone survey of non responders. Concerns that response bias might lead us to overestimate the proportions of hospitals that had implemented a PEWS were unfounded. The slightly higher rate of PEWS utilisation in the initial non responders might be explained by the fact this part of the survey was undertaken at a later point in time.
Recommendations
A National Early Warning Score (NEWS) for adult patients has been developed by a multi-disciplinary working party led by the Royal College of Physicians [20] . A similar approach could be led by the Royal College of Paediatrics and Child Health. Regardless if implementation of PEWS is to become universal whatever system is suggested must be simple to use and acceptable to the end user. The variety of parameters used by units creates difficulty in standardising a common chart but reflects the desire for units to have locally derived systems. It would seem sensible therefore that a common 'core' data set is obtained for all PEWS with the ability to add additional observations where required. A proposed system may include respiratory rate, heart rate and oxygen saturations as a minimum as this is the core data included in multiple PEWS systems and was the top three items in the survey results. Conscious level, respiratory effort, nursing concern, blood pressure and oxygen therapy may be suggested items as these are additional features highlighted in systematic reviews of detecting serious illness [19] and used by at least 50% of units currently. Additional items may include temperature, presence of stridor/wheeze and additional treatments (infusions etc).
Despite the lack of definitive evidence of effectiveness and the potential for harm PEWS are being introduced in the UK. The potential for harm arise from "false negatives" where treatment of children who do not trigger a PEWS may be delayed and from "false positives" by the over treatment of children who would not have gone on to develop critical illness. Neither of these aspects has been thoroughly delineated for PEWS and although reformulating an approved medicine in a hospital pharmacy would be inconceivable it appears to be acceptable for hospitals to develop their own PEWS despite the absence of an evidence base about their performance characteristics.
A cluster randomised controlled trial of a PEWS in tertiary hospitals has been registered in North
America [21] which does have arms in the UK. To complement this study, and address the difficulty of generalising results from different types of hospital, an exploration of the utilisation of PEWS in DGHs and Tertiary hospitals in the UK is urgently required. This would aim to determine the reasons for variability in implementation and use of different criterion.
CONCLUSION
Improving seriously ill childrens' outcomes requires the right person at the right time with the knowledge and skills to intervene in a timely manner. Despite the inconclusive evidence of effectiveness, the use of PEWS has increased since 2005. The implementation has been inconsistent with large variation in the PEWS used, the activation criteria used, availability of an RRT and the membership of the RRT. It is difficult for units to resist the implementation of a PEWS system because of the perception that they must be a good thing, reinforced by feedback from critical case reviews and the recommendation of CEMACH. There must be a co-ordinated national evaluation of the implementation, impact and effectiveness of a standardised PEWS programme in the various environments where acutely sick children are managed.
What is known about this topic
Paediatric Early Warning scores (PEWS) are recommended by a number of national organisations and regulators
In 2005 less than 25% of UK hospitals had an early warning score system in use
What this study adds
There has been a significant increase in the use of PEWS. Tertiary centres are more likely to use PEWS and have a RRT than district general hospitals. The specific make up of PEWS remains variable between hospitals and may include the use of un-validated systems.
